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Teepooghasnas sxcmpaxyus (TDP3) — 00uH U3 cOBpeMEHHbIX MEeMOO08 8blOCIEeHUsL U3 OUOIOSULEeCKO20 Mamepud-
1G4 MOKCUKONIO2UHECKU 3HAYUMBIX 8EUjeCME, K KOMOPbIM OMHOCAMCS HAPKOMUYECKUe U J1eKapCmeeHHble 6euecmsd,
a maxoice ux memaboaumsl. B nacmosuee epems na puinke npucymcmeyem 6onbuioe KOau4ecmso npeonoiceHutl
no namporam 0 TDD paznuunvix npoussodumerneil. Bvibop nooxodsweeo nampona onra T®I kaxk no kavecmeseH-
HbLM XApAKmMepucmukam, maxk u no YeHosblM Napamempam A6aemcs akmyaibHblM 60NPOCOM 8 X00e XUMUKO-MOK-
CUKONO2UNECKO20 U CYOebHO-Xxumuiecko2o anausa. Llens uccnedosanus — oyenums u cpasnume 3¢pghexmusnocme
IKCMPAKYUU JIeKAPCMBEHHBIX U HAPKOMUYECKUX 6eWeCmE U3 KPOGU Oisl pACHPOCMPAHEHHBIX NAMPOHOE CO CMEUAH-
HOUL (ha3zotl HeKOMOPLIX OPEHO08, NPEOHAZHAYEHHBIX 0 meepooghasHol skcmpakyuu. Mamepuansl u memoowt. Vc-
cnedosame no CpasHeHUIo dIPHeKMUBHOCMU IKCMPAKYUU RPOBOOUTUCH C UCNOAb308aHUeM namponog 0as TP co
cmewanHou gasoti credyrouwux npoussooumeneil: Bond Elut Certify (Varian), Chromabond Drug (Macherey-Nagel),
Strata Screen-C (Phenomenex) EVIDEX SampliQ (Aqilent), HyperSep Verify-CX (Thermo), Starlab C8/SCX (Starlab
Scientific Co., Ltd) ¢ npumenenuem Agilent 7820 — 2azoeoeo xpomamoepagha u Agilent 5975 — macc-cenekmuerozo
oemexmopa (Agilent, CIIIA). Pe3ynemamol u o6cysycoenue. B cmamve npugedensi OanHvle no cpasHeHuro 3¢ gex-
mugHocmu SKcmpaxkyuy namponos o TdD co cmewannoil gpasoni 5 npouseooumeneii (Bond Elut Certify (Varian),
Chromabond Drug (Macherey-Nagel), Strata Screen-C (Phenomenex) EVIDEX SampliQ (Aqilent) u HyperSep
Verify-CX (Thermo)) 011 yeneti CKpUHUuHeA 1eKAPCMEEHHBIX U HAPKOMUYECKUX éeujecms uz kposu. Illamponwl Starlab
C8/SCX uccnedosannoii napmuu umenu NPUSHAKU UCHONb30BAHUS 8 NPOU3BOOCBE HEKAYECBEHHO20 copbenma. 3a-
Katouenue. Jlansl pekomenoayuu no UCnOoIb308aHUI0 5 MUnog NampoHos 0ist npoyedypbl CKPUHUHEA HAPKOMUYECKUX
U IeKApPCMBEHHbIX 8EUWECmE 8 KPOGU 8 PYMUHHOU NPAKMUKE CYOEOHO-XUMUYECKUX OMOENeHUll U XUMUKO-MOKCUKONO-
euueckux nabopamopuil. Mcxoos u3 omHocumensHol cmoumocmu namponos oas T3, skoHomuuecKku 8bl200HbLMU
0J1s1 NPUMEHeHUsl 8 PYMUHHOU NPAKmMuKe A8IA0mcs nampousl openoos Strata Screen-C (Phenomenex) u EVIDEX
SampliQ (Agilent).

Kniouegvie cnosa: ckpunune, iekapcmeenuvle U HapKomuueckue 6ewecmead, Kpogsb, meepoopasnas IKCmMpakyus,
2a306a5 XpomMamozpapus — Macc-cnekmpomempis.
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Solid-phase extraction (SPE) is one of the modern methods for isolating toxicologically significant substances
from biological materials, which include narcotic and medicinal substances, as well as their metabolites. Currently,
the market has a large number of proposals for SPE cartridges from various manufacturers. The choice of a suitable
cartridge for SPE both in terms of qualitative characteristics and price parameters is a topical issue in the course of
chemical-toxicological and forensic chemical analysis. The aim of the research is to evaluate and compare the effec-
tiveness of medicinal and narcotic substances s extraction from blood for widespread mixed-phase cartridges of some
brands, which are intended for solid-phase extraction. Materials and methods. The research comparing the effec-
tiveness of extraction was carried out with the use of mixed-phase cartridges for SPE of the following manufacturers:
Bond Elut Certify (Varian), Chromabond Drug (Macherey-Nagel), Strata Screen-C (Phenomenex) EVIDEX SampliQ
(Aqgilent), HyperSep Verify-CX (Thermo), Starlab C8/SCX (Starlab Scientific Co., Ltd) with the using of gas chromato-
graph Agilent 7820 equipped with mass selective detector Agilent 5975 (Agilent, USA). Results and discussion. This
article presents the data on the comparison of the effectiveness of the extraction of mixed-phase cartridges for SPE
from 5 manufacturers (Bond Elut Certify (Varian), Chromabond Drug (Macherey-Nagel), Strata Screen-C (Phenome-
nex) EVIDEX SampliQ (Aqilent) u HyperSep Verify-CX (Thermo)) for the purposes of screening drugs and narcotic
substances from blood. The cartridges Starlab C8/SCX of the investigated batch had some signs of poor-quality sor-
bent in the production. Conclusion. Recommendations for using 5 types of cartridges for the procedure of screening
narcotic and medicinal substances in blood during the routine practice of forensic chemical departments and chemi-
cal-toxicological laboratories are given. Considering the relative cost of cartridges for SPE, in routine practice it is
economically viable to use cartridges from brands Strata Screen-C (Phenomenex) and EVIDEX SampliQ (Aqgilent).

Keywords: screening, medicinal and narcotic substances, blood, solid-phase extraction, gas chromatography —

mass spectrometry

Beenenmne. Tsepnodasnas skcrpakumst (TDD) —
OZINH M3 COBPEMEHHBIX METO/IOB BBIICJICHHS U3 OMOIIO0-
TMYECKOTO MaTepHaia TOKCHKOJIOTHYECKH 3HAYMMBIX
BEIIECTB, K KOTOPBIM OTHOCSTCSI HAPKOTHYECKHE U JIe-
KapCTBEHHBIC BEIIECCTBA, a TAKIKE UX METaOOIHTHI.

Wmeercst psig pabot, paccmarpuBaronux TP Ha ma-
TpoHax co cMemannoi ¢azoit Bond Elut Certify, Clean
Screen DAU, Isolute Confirm HCX s mpoOOTIONTroTOB-
KM KpOBHU MJIN €€ KOMITOHEHTOB (CBIBOPOTKH, TUIA3MBI) C
LIENIBI0 aHaJIN3a HAPKOTHMYECKUX U JICKAPCTBEHHBIX Be-
mectB [1-5]. Panee HamMu OBUTIO M3Y4EHO NMPHMEHEHUE
narpoHoB SampliQ EVIDEX co cmemanHo# ¢a3oit (C8/
KaTHOHUT) JUIsl CKPUHUHTA HAPKOTHYECKUX CPEJCTB U JIe-
KapCTBEHHBIX BEIECTB B TOCMEPTHON U NEIBHON KPOBH
METOJIOM T'a30BOH Xpomarorpaduu M Macc-CIeKTpoMe-
Tpuu [6-8].

Ha Texymuii MOMEHT BpPEMEHH Ha PBIHKE NPHCYT-
CTBYET OOJIBIIIOE KOJMYECTBO IPEUIONKEHHUH 110 Marpo-
Ham gt TOD pasnuuHbx mpousBoxuTesneld. Bridop
ToAXo/sIIero narpona it TPD kak 1Mo KauecTBEHHBIM
XapaKTepUCTUKaM, TaK ¥ 110 IICHOBBIM ITapaMeTpaM sIBJIsI-
€TCs aKTyaJIbHBIM BOIIPOCOM B XOJI€ XMMHKO-TOKCHKOJIO-
THYECKOTO U CyAeOHO-XMUMHUYECKOTO aHaAJIN3a.

CymiecTByeT MHEHHE, YTO BO3MOXKHBI CYIIICCTBEH-
HBIC pa3/IMuusl B BBIXOAAX TEX WM MHBIX BEIIECTB Ha
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narpoHax anas T®D or mapTum Kk mapTUU U OT IPOU3BO-
JUTENIS K IPOU3BOAUTENIO [9].

Ieanb nccienoBaHus — OLIEHUTH U CPABHUTH d(PPek-
THUBHOCTb SKCTPAKINH JICKAPCTBEHHBIX 1 HAPKOTHUYECKHX
BEIIECTB U3 KPOBU YISl pacIIpOCTPAHEHHBIX MTATPOHOB CO
cMenanHoH (azoil HEKOTOPBIX OPEH 0B, TpeJHa3HAYCH-
HBIX 1151 TDD.

Marepuanasl u metoabl. O6opyodosanue.

l'a3oBe1ii xpomarorpad — Agilent 7820 (xanmmisp-
Hast konoHka HP-5MS c¢ BuytpenHum auamerpom 0,25
MM, uHOU 30 M, TonmuHOH wieHkn 0,25 MM (4Agilent,
CIIA);

Macc-cenekTuBHbIN neTexrop Agilent 5975 (Agilent,
CIIA);

Cucrema ¢ BakyymMHOW Kamepoi (12 mozuumii)
(Supelco);

Hacoc nuskoro Bakyyma AIR CADET (CILIA);

Tepmobnok I19-4030 (OAO «3xpocy», Pocens);

OpnokaHanbHeId  ncmaputens  [19-2300  (OAO
«Dxpocy, Pocens);

Muxkposctpsixusarens [13-2 (OAO «Oxpocy», Poc-
cust);

[TomyaBromMaTn4ecknue MUIMETKU-103aTopbl (I OT-
6opa oobeMoB xuakocrteit: 4-40, 40-200 Mk u 0,21,
1-5 ).
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[Tarponsr ans TOD Ha OCHOBE CHIIMKAress CO CMe-
miaHHo# (asoit (Tabm. 1), XapaKTEPUCTHKH: ILIOIIATH

noBepxuoctu 500 M1, pasmep 1op 6077OA!, pasmep 4a-
ctui 40—-60 MKM.

Taonuya 1 — Céedenusn o namponax 0,14 meepoophasnoil IKcmpaKyuu

[arpoH (Tum) Bpenn (Monenn) IIpoussonurens Macca, mr | O6beM, M Oruocuteibhas
CTOMMOCTh
EVIDEX SampliQ Agilent 200 3 1,0
Screen-C Strata Fenomenex 200 3 0,62
Certify Bond Elut Varian 200 3 1,82
Verify CX HyperSep Thermo Scientific 200 6 1,91
Drug Chromabond Macherey-Nagel 200 3 1,33
C8/SCX Starlab Starlab Scientific Co., Ltd 200 3 HET JaHHBIX
Mamepuanwr. Camuumnonass kuciora (I'® XIII,  mu3upoBaHHast METOIMKA, OITyOJIMKOBaHHAs B padote [8].

@®C.2.1.0033.15), xokamna ruapoxsopun (I'd X, ®C
167), uzonnasuga (I'd X, ®C 357), mopduHa ruapoxio-
pun (OC 413, T'D X), amderamuna cynsdar (I'd X, OC
513), denobapouran (I'd XIII, ®C.2.1.0041.15), pena-
HUYM (amiyisl, 2 i, 5 Mr/mi quasenama, Polfa, TTois-
11a), MeTUHI0J (amITyJibl, 2 M1, 60 MT/MJ1 MHIOMETAIIMHA,
Polfa, ITonbia), cyOcTaHnus: KETOpOJIaka TpOMETaMUHA
(«Hemo Hbepura C. A.», Mcmanus), sHamanpuin (Ta-
6mnerku, 5 mr, Hemofarm, Cepbust), aMmurpunTiiiiH (am-
mysiel, 2 i1, 10 Mr/min aMUTPUNTHIIMHA THAPOXIOPUIA,
3EHTHUBA, Yemickas Pecny0nuka). beHzounskronu,
9KI'OHUH TOTOBHJIM M3 KOKanHa TUAPOXJIOPH/IA COTIIACHO
myonukaryu [10].

2,2,3,3,3-Ilentadrop-1-nponanon (Sigma-ALDRICH
CHEMI, Tepmanus), iomucteiii metun (Bekron, Poc-
cust).

Bydepunsiit pactBop: 1/15 M docdarnsrii 6ydep (pH
4,8).

Pacmeopumenu: 95% sranon (x.4.), 99,6% meraHon
(x.4.), aTMIanerar (x.4.), AUXJopMeraH (X.d4.), TeKCaH
(x.4.), mpomanon-2 (x.4.).

Jpyeue peaxmuewi: ykcycHast kucinora sneassas (I'd
XII), ammuaka pacTBOp KOHLIEHTpUpOBaHHBIN 25% (I'D
XII), renuii (0.c.4.), a3ort (0.c.4.).

CriuproBble pacTBOpbl ctanaapToB (Ne 1, Ne 2, Ne 3,
Ne 4) coneprxanu:

Nel — unpomerarun 0,1 mr/mi, ketoponak 0,02 mr/
M1, canuiioBas kuciora 0,1 mr/mi, henobapouran 0,2
MT/MJT,

Ne2 — amurpuntuinumn 0,02 mr/mi, amderamun 0,02
mr/mi, auaszenam 0,02 mr/mot, mopdus 0,01 Mr/mi, 3Ha-
narpuit 0,0008 mr/mut;

Ne3 — uzonnaszua 0,06 mMr/m,

Ne4 — xokamna ruapoxiopua 0,01 mr/mi, OGeH3o-
wkronud 0,01 mr/mi, skronuHa ruapoxiopus 0,005
MI/MIL.

VHTaKTHYIO KPOBb 10 MCCIICIOBAaHUS XPAHWIU TIPH
temneparype —18°C.

CKpununz HapKOmMuueckux cpeocmeé u JieKap-
CH1BEHHDBIX BEU4ECINE 6 KPOBU C UCNOIb308AHUEM MEMO-
006 MEEPOOPa3HOI IKCMPAKYUU U 230608 XPOMAMO-
2pagpuu- macc-cnekmpomempuu

JIyist cpaBHUTEIILHOTO MCCIIEI0BAaHMsI TIATPOHOB pas-
JIMYHBIX POU3BOJMTENICH HaMK OblUIa IPUMEHEHa ONTH-

IToozomoeka npoo. 0,5 Ma KpOBH BHOCHJIM BO (ia-
KOH 1 1pn0aBsiin 1o 50 MKJI pacTBOPOB cTaHAapToB (Ne
1,Ne2, Ne 3, Ne 4),2 mn 1/15 M 6ydepa pocdarroro (pH
4,8). ®dnakoHb! YKYITOPUBAIM U HA 5 MUHYT ITOMEIIAH B
YJIBTPa3BYKOBYIO OaHIO, 3aTeM B T€UE€HHE 15 MUHYT NpH
3000 o6/MuH comepkuMoe (IakoHOB IEHTPH(YTrHpoBa-
mu. [Tomy4deHHsIi HeHTpudyraT OTAEISIN OT OCaIKa.

IIpoyeoypa TDI.

Konouyuonuposanue copboenma. Yepes KapTpHIK
MOCIIEI0BATENILHO Mpomyckanu 2 Mi 95% stanona, 2 Ma
1/15 M Oydepa pocdarroro (pH 4,8).

Jlanee B maTpoH 3arpykanu o0pasel] ¥ IpoIyCcKaln
€ro CO CKOpOCThIO NoToKa 1 mi/mMuH. [IpoMBIBKY marpo-
Ha OCYWIECTBIISIIIM CO CKOPOCTBIO MOTOKa 2—3 MJI/MHMH,
nocienoBarenbHo BHOcs 1 M 1/15 M Gydepa docdar-
Horo (pH 4,8) n 1 mur 10% sranona. Cymuiy naTpoH B
TedeHre 20 MUHYT O]l BAKYYMOM.

Tonyuenue I anr0ama. Yepe3 naTpoH ABaXKIbI MPO-
ITyCKAaJIH IO 2 MJI CMECH H-TeKcaH-dTianerar (2:1).

Ionyuenue II amoama. Yepe3 maTpoH MpoImycKa-
JM BBl MO 2 MJI CMECH JUXJOPMETaH-1/30-11poria-
HON-25% ammuaxk (2:1:0,1).

Jist oueHkH 3((GEKTUBHOCTH SKCTPAKIMU K IIIIO-
aram | u Il nmpubasmstmn 50 MK crimpTOBOTO pacTBopa
1 mr/mn puHoHMngranara (JAHD). lanee amoarsr [ n 11
ucrnapsnu B Toke azota npu 40°C.

Hepuseamuzayun u uccnedosanue

Memunuposanue. K ocrarky | smroara nocne Bbl-
cymmBanus npudasisimi 500 MK arnieToHa 0€3BOIHOTO,
40 Mk Hoxucroro Metmia, 20-25 Mr xanust kapOoHaTa
0€3BOJJHOTO, ()JIAKOH TePMETHYHO 3aKpBIBAJIM, HarpeBa-
U B TepMoOIioke B TedeHue 60 munyT npu 60°C. ITocie
oxJakaeHus (rrakoHa OTOMpalH KUKy a3y peakiu-
OHHOW CMecH, IEPEHOCIWIN €€ B BHAIy, UCIAPSUIN TIPH
KOMHAaTHOW Temmeparype B Toke a3zora. Cyxoil ocTarox
pexoctpyupoanu B 100 Mk aTHnanerara 6e38oaHOTO, 1
MKJI BBOAMIH B mHxkekTop [ X/MC.

Auemunupoeanue u ymepuurayus

Cmaousa 1 (ayemunuposanue). K ocrarky Il smioa-
Ta MocJje BhICYyIMBaHus MprOasisk 40 MK IHpHIMHA
6e3BoHOTO, 60 MKJI YKCYCHOTO aHrHapuaa (Ipu 3TOM
3aMbIBasi CTeHKHU (1akoHa). DiakoH repMeTHYHO YKyIO-
puBaiu, Harpesanu rpu 80°C B TepmoOiioke 30 MUHYT.
[ocne oxnakaeHust GpurakoH BCKpPBIBAIN, M30BITOK pea-
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TEHTOB BBINIAPUBAJIM B TOKE a30Ta (MpH TeMIepaTrype He
Boite 40°C).

Cmaoua 2 (Imepugpuxayus). K cyxomy ocrtar-
Ky omroara Il mpubasmsumm 20 mrn 2,2,3,3,3-nienrad-
Top-1-mponanona, 60 MKI yKCycHOro aHruapuma (3a-
MBIBasI [IPU 9TOM CTEHKH (hiakoHa). DakoH repMeTH4HO
3aKpBIBAJIM U BBACPKUBAIN B Tepmobioke mpu 60°C 30
MuHyT. [Tocie oxnaxaeHus (uiakoHa ero BCKpPBIBAIU H
BBIMTAPHBAIIN N30BITOK PEareHTOB B TOKE a30Ta (IIpU TeM-
nepatype He Bbie 40°C). Cyxoif ocTaTok mocie BBICY-
IIMBaHUS peKoHcTpyupoBaau B 100 Mk sTmianerara
6e3BoHOTO, nasiee 1 MK BBoamin B nkekrop ' X/MC.

Pesicum  pabomwl  2azoeozo xpomamozpaga c¢
Macc-ceneKkmugHvim Oemekmopom. CKOPOCTh IOTOKa
renusi (Ta3-HOCHUTEINb) Yepe3 KOJOHKY cocTaBisia 1,5
MJI/MHH, pe:kuM paboTsl — split/splitless (¢ meneHuem mo-
toka 20:1, 3aepikKa BKIFOUCHHUS ITOCIIE BBOIA MPOOBI — 1
MuH). TemmeparypHble AaHHBIE HCIAPUTENS XPOMAaTo-
rpada u nHrepdeiica qerekTopa 3a1aBaIUCh B 3HAUCHHU-
sx 250 u 280°C. HayanbHas Temneparypa KOJOHKH ObLTa
70°C B TeueHHe 2 MUH, 3aT€M UMEI MECTO MPOTPEB 10
280°C co cKOpOCThIO TporpamMmmupoBanus 20 rpaj/MuH.
Brieprkka npu KoHeUHOH Temneparype — 12,5 MuH.

HampsbkeHue Ha yYMHOXKHUTENNE MacC-CeJIEKTHBHOIO
JIETEKTOpa yCTaHABIUBAJIM PAaBHOW BEJIMUYMHE aBTOMATHU-
YECKOM HACTPOMKH JieTeKTopa. Perucrpaiuio macc-crex-
TPOB JIA METHUJIBHBIX MW aUCTUIIBHBIX ITPOU3BOJIHBIX
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MPOBOIUIIN B PEKMUME MOJTHOTO CKaHUPOBAHUA MOHOB B
nHTepBane Macc 42-450 a.e.

C 1enpio uaeHTU(UKAIIMA KOMIIOHCHTOB P00 00-
paboTKy XpoMaTorpaMM MPOBOIWIH C UCTIOIL30BAaHUEM
nakera nporpamm ChemStation G1701DA n AMDIS
(The Automatic Mass Spectral Deconvolution and
Identification System, NIST).

Pesyabrarel U obcy:xkaeHue. s uccieaoBaHMS
HMCHOJB30BAJIM 5 THUIIOB MaTPOHOB U3BCCTHBIX 6peH)1013,
a TaKkke, MpelaracMbic B Ka4eCTBE MX aHAJIOIOB, Ia-
Tpousl Starlab C8/SCX. Bece THIBI TAaTPOHOB COIEpPIKAT
«3EPHHUCTHIC» COPOCHTHI HA OCHOBE CHJIMKArelsi CO CMe-
HIaHHBIM THIIOM (a3bl: «oOpameHHas» (okTui-, C8) u
¢benmncynspokuciaora (katnoHut, SCX).

[Marpousr Starlab C8/SCX wuccienoBaHHO# map-
THU HUMEJIN MPU3HAKKU HCIOJIB30BaHHA B IPOU3BOJI-
CTBE HEKaueCTBEHHOTo copOeHTa. JlaHHBIH BBIBOJ
00yCIIOBJIEH «CMBIBOMY» MTPUBUTOH (a3bl, a TAKKE XU-
MUYECCKUM 3arpsA3HCHUEM BCJICACTBUEC TCXHOJIOTUYC-
CKOTO TIpoIecca Mpou3BoicTBa cOpOeHTOB. ApTedak-
1ol (a3er C8 HabmOAaIuCh B 000uX 3r0arax (puc.
1-3), umuazon onpenensuics B anwate 11 (puc. 3, 4).
Wcxons w3 BbIIeCKa3aHHOTO, maTpousl Starlab C8/
SCX B pmanpHEHIIEM HCCIEIOBAHHHM HE HMCIIOJIb30Ba-
nu. Takxe CICAYCT OTMETUTD, UYTO IJId OCTAJIbHBIX 5
THUIIOB MAaTPOHOB MOJOOHBIX MPOOJIEM KauecTBa HAMH
He HabII0aI0Ch.

TIC: [BSB1]03016.D\data.ms
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Pucynoxk 1 — Xpomamozpamma. Hccnedosanue rnroama I, nonyuennozo na nampone Starlab C8/SCX
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Kak BUIHO M3 MOJNYUYSHHBIX JIAHHBIX, CAIUIMIOBAS
KHCJI0Ta He OOHapyxeHa B mpoueaype TdD mnpu wc-
MoNib30BaHuu narpoHoB Chromabond Drug (Macherey-
Nagel). Huzkass D3 keroposiaka ¢ BBICOKHUMHU 3HAYCHH-
MM J€BHAMKM HaOmronanachk g narpoHoB Bond Elut
Certify (Varian), Verify-CX (Thermo) u Chromabond
Drug (Macherey-Nagel). JInst G6H30WIPKIOHMHA U aMH-
TPUNTIIMHA caMasi Hu3Kas D3 oTMedanach MU UCTIONb-
3oBaHuu atpoHoB EVIDEX SampliQ (Aqgilent) u Verify-
CX (Thermo).

[arpousr Verify-CX (Thermo) 1o TeOMETPUICCKIM
rapamerpaM HECKOJIBKO OTIIMYAINCh OT MPOYMX HCCIie-
JTOBAaHHBIX TATPOHOB (MMeNu 00BbeM 6 M, a He 3, Kak
oCTaJbHbIE), MMOCIEHEE, B HEKOTOPOI CTENEeHH, MOIIIO
TIOBJIMSATH HA MOJTYYEHHBIC PE3yIIbTaThI.

Crnenyer OTMETHTh TakXkKe CIEIyIollee: MpU Ipo-
BeZieHHU Tporenypsl TdD nist psga mpod y HEkoTo-
PBIX MATPOHOB HAOIIOIAKCH MPOOJIEMBI C IPOXOXK/IE-
HUEM IpoObl Yepe3 MaTpoH, 4TO, OYEBUJIHO, CBSI3AHO C
«6nokupoBanuem» mop ¢purrt. Takue npobimembl Ha-
omronanuce s narponoB Bond Elut Certify (Varian),
Chromabond Drug (Macherey-Nagel) n Strata Screen-C
(Phenomenex) v He HaOMIONATUCH JJIs TATPOHOB 2 Ma-
pok: EVIDEX SampliQ (Agilent) u HyperSep Verify-CX
(Thermo). Takum 06pa3oM, IpHU MPUMEHEHUH TaTPOHOB

Bond Elut Certify, Chromabond Drug w Strata Screen-C
cienyet oOpamaTh BHUMaHHE Ha TIIATENIbHOCTh 0TOOpa
neHtpudyrara, n3beras moragaHust B3BECH U 0CajKa.

3akaioyenue. OreHeHa 3(p(eKTHBHOCTH JKCTpaK-
uH naTpoHoB g TAD co cMermanHON (a30if pa3HBIX
MIPOU3BOJUTENEH /IS 1eNiel CKPUHUHTA JIEKapPCTBEHHBIX
1 HAPKOTHIECKUX BEIIECTB U3 KPOBU. Y UUTHIBAS BBITIIE-
M3IIOKEHHOE, MOYKHO yTBEPXKIaTh, UTO BCE 5 TUIIOB Ta-
TPOHOB B PaBHOHM CTEMEHU MOTYT MCIIOIB30BaTHCS ISt
MPOLIEAYPHl CKPUHUHTA HAPKOTHUECKHX W JIEKAPCTBEH-
HBIX BEIIECTB B KPOBH.

Hcxoass U3 OTHOCUTENBHOM CTOMMOCTH MaTpPOHOB
st TOD, KOHOMUYECKH BBITOTHBIMU JUISI TIPUMEHE-
HUS B PYTHHHOW TPaKTHUKE SIBJISIOTCS MATPOHBI OpeH-
noB Strata Screen-C (Phenomenex) n EVIDEX SampliQ
(Agilent).

YYuTeIBasi CIOKUBIIYIOCS CHCTEMY 3aKyToOK, KO-
TOpass HE TMO3BOJSIET TapaHTUPOBAHHO MPHOOpETaTh
KOHKPETHBI BHJ MaTpoHOB isi TDD, HeoOXoaumo
oOpariars BHUMaHHE Ha KaueCTBO COPOEHTOB, MCIIONb-
30BaHHBIX B WX MPOM3BOJCTBE. B MPOTHBHOM ciydae,
«CMBIB» (ha3bl MOXKET TMPHUBECTH K XUMHUYECKOMY 3a-
TPSI3HEHUIO DJTI0ATOB, OTCYTCTBHIO BOCIPOU3BOJUMOCTH
aHaM3a M, KaK CJeICTBUE, TTOTYyUYeHUI0 HeOOBEKTUBHBIX
PE3YyNBTaTOB UCCIIETOBAHMS.

Introduction. Solid-phase extraction (SPE) is one of
the modern methods for isolating toxicologically signifi-
cant substances from biological materials, which include
narcotic and medicinal substances, as well as their me-
tabolites.

There is a number of scientific works describing the
SPE on the basis of mixed-phase cartridges from Bond
Elut Certify, Clean Screen DAU, Isolute Confirm HCX
for sample preparation of blood or its components (se-
rum, plasma) for the purpose of the analysis of narcotic
and medicinal substances [1-5]. Earlier, we studied the
use of mixed-phase cartridges SampliQ EVIDEX (C8 and
cation exchange) for screening drugs and narcotic sub-
stances in whole and post mortem blood using the meth-
od of gas chromatography and mass spectrometry [6-8].

Currently, the market has a large number of propos-
als for SPE cartridges from various manufacturers. The
choice of a suitable cartridge for SPE both in terms of
qualitative characteristics and price parameters is a topi-
cal issue in the course of chemical-toxicological and fo-
rensic chemical analysis.

There is an opinion that there may be significant
differences in various substances on cartridges for SPE
from batch to batch and from manufacturer to manufac-
turer [9].

The aim of the research is to evaluate and compare
the effectiveness of medicinal and narcotic substanc-
es’s extraction from blood for widespread mixed-phase
cartridges of some brands, which are intended for sol-
id-phase extraction.

Materials and methods. Equipment.

Gas chromatograph Agilent 7820 (capillary column
HP-5MS, inner diameter 0.25 mm, length 30 m, thick-
ness of film 0.25 um);

Mass-selective detector Agilent 5975 (Agilent,
USA);

12 Position vacuum manifold (Supelco);

Low vacuum pump (4/R CADET, USA);

Thermal block PE-4030 (Ekros, Russia);

Single-channel vaporizer PE-2300;

Microshaker PE-2 (Ekros, Russia);

Semi-automatic dispensers with 4-40, 40-200 ul
and 0.2—1, 1-5 ml range;

Mixed-phase cartridges for SPE based on silica gel
(Table 1). The characteristics are: the surface area is 500
m?%/g, the pore size is 60—701&, the particle size is 40—60
pm.

Materials. Salicylic acid (GF XIII, PS.2.1.0033.15),
cocaine hydrochloride (HP X, PS 167), isoniazid (GP X,
PS 357), morphine hydrochloride (FS 413, GF X), am-
phetamine sulfate (GF X, PS 513), phenobarbital (GF
XIII, PS.2.1.0041.15), Relanium (ampoules, 2 ml with di-
azepam 5 mg/ml, Polfa, Poland), methindole (ampoules,
2 ml with indomethacin 30 mg/ml, Polfa, Poland), ke-
torolac tromethamine (Chemo Iberika SA, Spain), enal-
april (tablets, 5 mg, Hemofarm, Serbia), amitriptyline
(ampoules, 2 ml with amitriptyline hydrochloride 10 mg/
ml, ZENTIVA, Czech Republic). Benzoylecgonine and
eqgonin were prepared from cocaine hydrochloride ac-
cording to the publication [10].
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Table 1 — Information on cartridges for solid-phase extraction

Cartridge (type) Brand (model) Manufacturer Weight, mg | Volume, ml | Relative price
EVIDEX SampliQ Agilent 200 3 1.0
Screen-C Strata Fenomenex 200 3 0.62

Certify Bond Elut Varian 200 3 1.82

Verify CX Hyper Sep Thermo Scientific 200 6 1.91

Drug Chromabond Macherey-Nagel 200 3 1.33
C8/SCX Starlab Starlab Scientific Co., Ltd 200 3 No data

2,2,3,3,3-Pentafluoro-1-propanol (Sigma-ALDRICH
CHEMI, Germany), methyl iodide (Vecton, Russia).

Buffer solution: 1/15 M phosphate buffer (pH 4.8).

Organic solvents: 95% ethanol (hp), 99.6 % metha-
nol (hp), ethyl acetate (h), dichloromethane (hp), hexane
(hp), propanol-2 (hp).

Other reagents: acetic acid ice (GF XII), ammonia
solution concentrated 25% (GF XII), helium (bhp), ni-
trogen (bhp).

Alcohol solutions of standards (Nel, No2, Ne3, Ne4)
contained:

Nel — indomethacin 0.1 mg/ml, ketorolac 0.02 mg/
ml, salicylic acid 0.1 mg/ml, phenobarbital 0.2 mg/ml;

No2 — amitriptyline 0.02 mg/ml, amphetamine 0.02
mg/ml, diazepam 0.02 mg/ml, morphine 0.01 mg/ml,
enalapril 0.0008 mg/ml;

Ne3 — isoniazid 0.06 mg/ml;

Ne 4 — cocaine hydrochloride 0.01 mg/ml, benzoylec-
gonine 0.01 mg/ml, ecgonine hydrochloride 0.005 mg/ml.

Before the investigation intact blood was stored at
—-18°C.

Screening of drugs and narcotic substances in
blood with the use of methods of solid-phase extraction
and gas chromatography with mass-selective detection

For a comparative study of cartridges from different
manufacturers, we used the optimized technique pub-
lished in [8].

Sample preparation. 0.5 ml of blood was put into
the vial. Then 50 pl of standard solutions (Nel, No2, Ne3,
Ned), 2 ul of 1/15 M of phosphate (pH 4.8) buffer were
added. Vials were sealed and placed in an ultrasonic bath
for 5 minutes, then the contents of the vials were centri-
fuged for 15 minutes at 3000 rpm. The resulting centrifu-
gate was separated from the precipitate.

The solid-phase extraction procedure

Conditioning of sorbent. 2 ml of 95% ethanol, 2 ml
of 1/15 M phosphate buffer (pH 4.8) were sequentially
passed through the cartridge.

After that the cartridge was loaded with the sample
and passed at the speed of 1 ml/min. Flushing of cartridge
was performed at a flow rate of 2-3 ml/ min, sequentially
adding 1 ml of 1/15 M phosphate buffer (pH 4.8) and 1
ml of 10% ethanol. Drying of cartridge was carried out in
vacuum for 20 minutes.

Obtaining Eluate 1. Eluate I is derived via double
transfer of 2 ml of n-hexane — ethylacetate (2:1) concoc-
tion through the cartridge.

Obtaining Eluate 11. Eluate I is derived via double
transfer of 2 ml of dichloromethane — propan-2-ol — 25%
ammonia (2:1:0.1) concoction.

550

To evaluate the extraction efficiency, 50 pl of a spir-
ituous solution of 1 mg / ml of dinonyl phthalate (DNP)
were added to eluates I and II.

Eluates I and II were vaporized in nitrogen flow at
40°C.

Derivatization and research

Methylation. 500 pul of anhydrous acetone, 40 pl of
iodomethane and 20-25 mg of anhydrous potassium car-
bonate were added to dry residue of Eluate I, the vial
was corked up and heated at 60°C for 60 minutes in the
thermal block. The vial was then cooled down, the flu-
id fraction of the reactive concoction was separated and
transferred into a clean vial, then vaporized in nitrogen
flow at 20°C. The dry residue was dissolved in 100 pul of
anhydrous ethylacetate and 1 pl of this solution was put
into chromato-mass-spectrometer’s injector.

Acetylation and esterification

Step 1 (acetylation). 40 pl of anhydrous pyridine
and 60 pl of acetic anhydride (washing the walls of the
vial) were added to the dry residue of eluate II, the vial
was sealed tightly and incubated at 80°C for 30 minutes.
After cooling down the vial was opened and the surplus
reagents were vaporized in nitrogen flow at < 40°C.

Step 2 (esterification). 20 pl of 2,2,3,3,3-pentaflu-
oro-1-propanol and 60 pl of acetic anhydride (washing
the walls of the vial) were added to the dry residue, the
vial was sealed tightly and incubated for 30 minutes at
60°C. After cooling, the vial was opened and redundant
reagents were evaporated in a stream of nitrogen (up to
40°C). The dry residue was dissolved in 100 pul of anhy-
drous ethylacetate and 1 pl of this solution was put into
chromato-mass-spectrometer’s injector.

The mode of operation of gas chromatograph with
a mass-selective detector. The speed of flow of the carri-
er gas (helium) passing the column was 1.5 ml/min, the
operation mode was split/splitless (the flow-splitting was
20:1, with the impulse delay of 1 minute after the sample
injection). The temperatures of the injection port and the
line connecting to the mass spectrometer were 250° and
280°C, respectively. The initial temperature of the col-
umn was 70°C for 2 minutes; then the column was heated
up to 280°C at the rate of 20 degrees/min. and kept at the
final temperature for 12.5 minutes.

The voltage of the multiplier of the mass-spectro-
metric detector was set at 200 V higher than that obtained
in the automatic routine adjustment of the detector. The
registration of the mass spectrum for acetyl and methyl
derivatives in full ion scanning mode was in the mass
range of 42-450 a.u.

Processing of chromatograms in order to identify the



Pharmacy & Pharmacology V. 5 N 6, 2017

DOI:10.19163/2307-9266-2017-5-6-543-555

components of the samples was done using ChemStation
G1701DA u AMDIS (The Automatic Mass Spectral De-
convolution and Identification System, NIST) software.

Results and discussion. For the research, 5 types of
cartridges from well-known brands, as well as Starlab C8
/ SCX cartridges offered as their counterparts, were used.
All types of cartridges contain “granular” sorbents based
on silica gel with a mixed phase type: “reverse” (octyl-,
C8) and phenylsulphonic acid (cationite, SCX).

The cartridges Starlab C8/SCX of the investigated
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batches had signs of using poor-quality sorbent in the
production. This conclusion conditioned by “flushing”
of the vaccinated phase, as well as chemical pollution
caused by the technological process of sorbent produc-
tion. The artifacts of the C8 phase were observed in both
cluates (Fig. 1-3), imidazole was determined in Eluate
II (Fig. 3, 4). Based on the foregoing, Starlab C8 / SCX
cartridges were not used in the future study. It should also
be noted that we did not observe similar quality problems
for the remaining 5 types of cartridges.
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Figure 1 — Chromatogram. A study of the eluate I obtained on the Starlab C8 / SCX cartridge
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Figure 2 — Fragment of the extraction chromatogram according to the ions, characteristic for the mass
spectrum of 1,1,3,3-tetramethyl-1,3-dioctyl disiloxane (A). Comparison of the mass spectrum of the peak
with the retention time of 10.25 min with the library mass spectrum of the spectrum
of 1,1,3,3-tetramethyl-1,3-dioctyl disiloxane (B)
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Figure 3 — Chromatogram. A study of eluate II obtained on the Starlab C8 / SCX cartridge
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Table 2 shows the results of the extraction efficiency evaluation (EE) of model compounds from the blood.



DOI:10.19163/2307-9266-2017-5-6-543-555

Pharmacy & Pharmacology V. 5 N 6, 2017

Pa10212p J0U — “p°U

(L€)s8 pu (1oL pu (oD L pu (1) 9 pu (o1) 8L pu [udefeuy
02 0'8 pu (€9 19 pu (o¥) 01 pu (S 1°6 pu (61) ¥C pu aurydiopy
(9°1) 01 pu (SD 8L pu (€¥)¢s8 pu (9°6) ¥8 pu ('9) 6L pu auIed0)
(8°5) 06 pu (1) 69 pu (99) T8 pu 0D 1L pu (1) €5 pu auridirury
(+2) 85 pu (01) 8¢ pu (S1) 89 pu (€€) 8L pu (S'6) 8t pu auruogosjhozuog
(€0 690 pu (T 6L0 pu (9€) 850 pu 09 1'1 pu (€€) 690 pu p1zeruos|
(T L6 pu (T1) 06 pu (1) 86 pu (02) ¥01 pu (Sv) €6 pu osurwejoyduwry
— o — o — o — — o — surnodoq
pu (L2 so1 pu (0'%) 001 pu (9°1) L6 pu (9¢) 901 pu (T9) 101 uroRyoWOopu]
99) L1 (52 89 (89) ¥'C (#'9) 09 (66) 160 (Tv) ss pu (€2) 09 pu (6°6) 19 wedozer(q
pu (86) ¥1 pu (€9) 0L pu (06) T1 pu (6%) 0€ pu (€D LT 9B[0I0)Y]
pu (92 #8 pu (0°6) 6L pu ()18 pu 918 pu (9'8) 88 [eyqreqoudyq
pu pu pu (06) 200 pu sooer) pu sooer) pu (16) 280 proe or[Aorfes
1T dreng [ areng I oren|g [ areng 11 oren|g [ oren[g 11 oren|g [ areng 11 aren|g 1 open|g
(198eN-£a10yoRA) (owray) (xoudwouayy) punodwo?)

3ni(q puoqewory))

XD-Ajo A dogrodAg

(uerrep) AJn1o) g puog

D-UAI0S BlenS

(quoriby) Orduwes xopiag

(% “d’S ¥ sanppa uvaw ‘9 = u) spunoduiod jopowt Jo A>ua11ff2 UONIVIIXI 2y} Jo UOYVPNIPAI Yy} Jo SYNSIY — 7 2]qV]

553



Dapmayesmuueckas U MOKCUKONO2UYECKASL XUMUS
Pharmaceutical and Toxicological Chemistry

Dapmayus u papmaronoeus T. 5 Ne 6, 2017

As can be seen from the obtained data, salicylic acid
is not found in the SPE procedure when using cartridges
of Chromabond Drug (Macherey-Nagel). A low EE of
ketorolac with high deviation values was observed for
cartridges from Bond Elut Certify (Varian), Verify-CX
(Thermo) and Chromabond Drug (Macherey-Nagel). For
benzoylecgonine and amitriptyline, the lowest EE was
observed with the use of cartridges from EVIDEX Sam-
pliQ (Agilent) and Verify-CX (Thermo).

The Verify-CX (Thermo) cartridges were slightly dif-
ferent by geometric parameters from the other cartridges
examined (they had a volume of 6 ml, and not 3 as the
others), the last condition, to a certain degree, could af-
fect the results obtained.

It is also necessary to note the following: during the
TFE procedure for a number of samples, some cartridges
had problems with passing the sample through the car-
tridge, which is obviously related to the “blocking” of
the pores of the frits. Such problems were observed for
cartridges from Bond Elut Certify (Varian), Chromabond
Drug (Macherey-Nagel) and Strata Screen-C (Phenome-
nex), but were not observed for cartridges of 2 marks:
EVIDEX SampliQ (Agilent) and HyperSep Verify-CX

(Thermo). Thus, when using cartridges from Bond Elut
Certify, Chromabond Drug and Strata Screen-C, atten-
tion should be paid to ensuring that the centrifuge is care-
fully selected, avoiding suspension and sediment.

Conclusion. The efficiency of the extraction of car-
tridges for SPE with a mixed phase from different manu-
facturers for the purposes of screening drugs and narcotic
substances from blood was evaluated. Considering the
foregoing, it can be affirmed that all the 5 types of car-
tridges can equally be used for the procedure of screen-
ing drugs and narcotic substances in blood.

Considering the relative cost of cartridges for SPE,
in routine practice it is economically viable to use the
cartridges from brands Strata Screen-C (Phenomenex)
and EVIDEX SampliQ (Agilent).

Considering the existing system of procurement,
which makes a guaranteed purchase of a specific type
of cartridges for SPE impossible, it is necessary to pay
attention to the quality of the sorbents used in their pro-
duction. Otherwise, “flushing” of the phase can lead to
chemical contamination of the eluates, to the lack of re-
producibility of the analysis and, as a result, to the receiv-
ing of biassed results of the research.
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